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. be Contractor; ferojet-General or Reaction Motors, Ine, 

oe |. Ce. Two control engines Provide lateral: and rol) control of the 
a wehicle. They will orient ‘he vehicle and its thrust vector as directed 
eu by the Guidance ana Control. Subsystem and vil) position the vohicte. in 
Pe Orbit. For the Pioneer vehicles the thrust of each engine will be approx. 
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1 @ssemblies will include a Gimballed thrust mount capable of deflection 
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This subsystem will Provide the satellite with the fc 3 (1) 


thrust to attain the desired orbit; (2) Iateral and roll control to effect 


the transition maneuver into o~bit, and proper orientation -of the vehicle 
With respect to its line of flight; (3) a Propellant feed system; (ha. 
propellant flow and utilization control; and (5) means of effecting ig. 
nition and cutorr of the vehicle’ Propulsion urifts in a safe and relia. 
ble manner, | - S Ss | 


It wilt be capable of starting in the absence of gravity and ex- 
ternal pressure. | fe ee 2 a os | 


2 b. Approach 


 . The design of this subsystem will provide sufficient margin ‘to ensure 
atteinment of the required Orbit even with significant Variations in 
booster performance and with substantial Srowth in Vehicle weight. and 


«payload requirement, : 


* Components Will be selected for: | 


Pioneer Vehicles: “These are within ‘the current state of the art and . 
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Will be available in Schedules compatible with Phase I of the Advanced 
Reconnai sgance System, and as an alternative, a : | 


Advanced Vehicles: ‘Those will provide an. increase in Specific in. - 


pulse of at ‘east 10 percent over presently a © values end are - 
: vithin such state of development that reliable operation and ‘evailadility 


within schedules compatible with that of the Advanced Reconnaissance 
System can be predicted, | —_ ne 
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.b. Contractor: Aerojet-General or Reaction Motors, In:, 


Be The sustainer engine will Provide the required scceleration te 
the vehicle as the orbit is @pproached. The specific impulse at altitude | 


is 278 seconds. Thrust vill be approximately 7500 pounds for & duratica 
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four control engines, hinged for deflection in one plane, may be used. 
This systen may be replaced by utilizing turbo~pump exhaust in a similar 
manner. | a ae a | 2 “ 


ba. Advanced Propellant repel: - Utilization Control — | 
de Contractor: North American Aviation or Aerojet-General 


Ge ‘The propellant utilization control will eccompiish sim) taneous 
| exhaustion of fuel and oxidizer by a continuous comparison of tank levels. 


simitaneous exhaustion of both propellant tanks. 


Tas Mivance’ Propellant Feed System | a, oes 
be Contractor: North America: Aviation or Asrojet-Genere) 
_- @s In the Advar-oi vehicle &-conventionsl turbopump Propellant feea | 
system is used. ‘An e&itional preesure-fed system will provide sufficient 
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| - 2s | OR Specified performance of the XSM-65 as a booster unit. Allowance has 
. been made for some degradation in booster performance and also for .- 


ae _ Rooster guidance and control limitations which result in less than op- 
a | ‘imum trajectory, Be ak, a | “3 
; f ; qt 7 a, 2. No existing equipment is availab) t € which possesses the perforn- 
° .* Pr ate ence characteristics requircd of the entire subs stem. Standardized or 
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The project Vanguard rocket engine now being deveioped by | 


the Aerojet General Corp. will have a single thrust Chamber ang < Pixed 


thrust mount. The thrust chamber will be capable ot operating for a mini. 


Performance rocket engine for manned aircraft by Reaction Motors » Inc. igs 


Proposed as @ back-up. This engine Will be an intcora) unit consisting : 


of a decomposition chamber, turbo-pump, thrust chamber, Propellant con- . 


trol valves and necessary }ines and fittings. I: vill use the Propellant x 


the pioneer Vehicle must be modiriea to have a substanti BL1Y increases 


nozzle expansion ratio. The existing design is ‘schedulea for flignt 
eerly in 1957, | | 
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(2) Pioneer Contro? Engine | 8 


‘two control engines having 150 pounds. of thrust each will be. 


Provided. The control engine will consist of a thrust chamber, gimbal - 


type thrust mount, and Propellant contro] valves and vill be capable of 
operating for 100 seconds, The control engines will operate on propellants | 


Supplied from the main propellant: feed systen, Gimbelling will be £ 309, 


These engines may be either liquid cooiea Or uncooled ag 


In the event that the sustainer engine is Gimballed, then | 
8 may be replaced by small helium Gas jets to Provide — 


roll control forces. This system will require only the development of « 


the control en 


_ flow control valve. 





The Pioneer Propellant feed systen will be a Pressure feed 
type Propellant system. It will incorporate a hel tum pressurization e | 
system. Pressurization helium will be storea in a spherical tank at an 
initial pressure of 3,000 pst. The Pressure feed system is designed to 
provide propellants to the engine inlets at & pressure of 300 pais 
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‘ALL be taken on subsequent flights. These data vil] demonstrate. the 
sultability.of the design. ‘the early OPV's vi21 also be Anstrumentated 
to record Propulsion system Performance data. To support the Pioneer 


The flight test program for the ‘advanced engines will require extensive 
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Subsysten B - PROPULSION 
a APPENDIX 
1. PIOWER vERICLE PROPULSION | srsT 


| ha Deser! 4on_ 
The propulsion systen will ‘consist ofa Pressure-fed engine 


assembly, propellant tanks, Pressurization system, Propellant lives : ; . 


asserbly tnd Supporting components. ‘The propellants are White fuming 


nitric acid (WPNA) end. unsyunetric dinethy hydrazine (ucenr). The 


proposed: propulsion cystem is shown schematically on Fig. inl. 
The Propooed design will inecrporate the ‘control engines and 


: sustatnur engines @s: an | integrated power package. . Initiation of engine. 


operation oceure after the coast phase ¢ ona signal. from the vehicle” 
guidance syaten. The control engines start start epproxinately two seconds: 
prior to the sustainer engine to orient the. wissile axis. For safe, 


: ee starts, an oxidizer lead Wil be used, 


ga. Sustainer Engine = rea 2.2 
| ie uetaioe. engine, proposed ty Aerojet-dnerat ee | 


| Corporation, will consist of a single thrust chamber assembly: (including 


mount); Propellant control valves; and auxiliary equipmer:t to start, 


Operate, and shut dovn. The Unrest chaaber 8 of tubular wall coustruc- 
es regeneratively cocled and will be rated at 7500 pounds eee in 
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Fig. 1-2 Propulsion Systen — 
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vacuum for a duration of 100 seconds at ‘200 pei chamber pressure. With 

a nozzle expansion ratio of 20:1. and a propellant mixture ratio a? 2. 8:1, : 
« specific tapulse of 273 to 278 seccads vill be obtained. The fight 
version. of ‘the engine will ineorporate B minim of controls since 


‘fatlure aborts the flight without hazard because of the vehicle's renote 
; nccetion. | 


"Performance igiatemees provide tor an impulse decay 
tolerance of ? 100 Lo-sec >a starting pressure chamber surge not greater 
than 125 per cent of maximum rated chamber pressure. end normal operating 
pressure oscillations not to exceed + 5 per cent of normal operating 


. chamber pressure. In order that adequate testing may be perfornied for 
are efigine Prior to flight, the life expectancy. of the thrust chamber | 
Will bé five tests having « duration af 120 seconds each. Early models 
of the thrust chamber will. incorporate ry ‘Stainless steel tubular wall | 
‘design weighing epproxinately 90 pounds. if developments are successful, 

this Will be replaced vith an aluminum chanber and thereby save approxi- 


mately 60 pounds. Aesmmtie agra of the expan attebty Se thom, 


| ia ie 1-2, | 


1.2.2 Contre} Engine | 


Pated et 150 pounds thrust in a vacum, ‘the ‘two contrat 


engines vi21 consist o° a thrust chember, gimbal type thrvet mount, and 
“control valves. The operating tolerances #.-_ying to the sustainer 


engine vill, in general, epply to the control. enetoe. ‘Ho value has been 
tixed as yet for a impulse decay tolerance. 


B-Apdx, p 3 | | 
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aS | The control engine thrust. chasber 2s presenti con-. 
sca ceived. wht ‘be ceramic: ‘Tinea. Further investigation ; may show, hovever, 
eo _ om regenerative. cooling is more ‘Feasible. | | 
= (23 Ragtos weight : 

os The calculated veigbis of various conponents of the 
a rocket b engine essenbly. ate as follows: : 

“~ | Thrust Chamber (Steer) 90 2b. 
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[ 

4 Valves and Regulator 
. : Electrical Sequence Unit 
f * . to ty Picea Oe 
x3 | a 7 | Macnee Rosine, 

| ne ene 1k 2. 
[ 1.2.4 ‘Pressurization System | | 
4 A heliun pressurization systen to feea the propellants | 

[ te the trust chamber provides a. Pressure of 300 pei at the thrust | 
[ 

[ 

I 

I 

T 


fe sap 


chamber inlets. Belin will be stored in a steel apbere ata pressure 


eysten and heater to the propellant tanks. The cxldier tank wilt be 
Pressurized to 320 psi and the fuel tank, to. 335 psi. 

oe Poe cimtatin ot he sed ae mae 
tank under Sravity free conditions is assured. by Providing a ‘bladder: 


cas around the pressure gas. inlet. This bladder. is Cinensioned to permit 
> ; 
ae a | IISSHE SYSTEMS DIVISION | . | MOCKHERD AIRCRAFT CORPORATION 
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expension Tor the expulsion of sufficient propellant for 2 seconds | 
eperation of the control engines pridr to sustainer. engine start and 

fer starting the sustainer engine, Afler full thrust is obtained, the 
pressurizing gas vill rupture the. bladder end pressurization will con- - 
tinue in ‘the uswal vay. ‘Upon sustainer engine shitdom, an additional 
‘oe swoon of control engine thrust vill be required to edjnt wast | 
attitude disturbances resulting from thrust misalignments during skut- | 
down. During this perlod the control engines will. Provide, sufficient | 


ecceleration to position. the Propellants within .e tanks. 


_ 1.2.5 Propellant Loading system a 


wine te 


| funes,. e closed-cycle type of propellant loading systen is provided. | 


me Sequired 411 ent flov retum adapters wilt be mounted at the 
missile mold line and wild provide for rapid connection of filling 
nozzles and return flow adapters. The propellant tanks will he thor- 


| dg en eS Be = a pew e 


Toeding of the fuel. | | 
| 1.2.6. : sllant Loadi Control 
Rince accurate loading of propellants vill increase 


missile: ‘performance ‘Potential, a propellant ‘loading control system 


will be provided. A schematic 2iagran of this syste 1s ahom oa 
Fig. ‘193. ‘The syeten will consist. of level sensing probes lecated in 


the missile tanks end an electronic control ctreait which will -be part. 
| of the missile grom supporting aysten, The systen vill be designed 


read 
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 g0 that the Propellant flowy to the tanks is shut off automatically vhen i a 
| the requirea level is reached. Since it is proposed to loaa the propel - =. 


Careful attention was Given to the question as to - 


Whether gases generated by the disassociation of nitric acid might dis. 


| absorption in the liquid at Pressurization, if the stay tine tn the i 


tanks is lintted to about one-half hour and if heat flow during the — - 


| ‘boosted extt Period is reducea by tank insulation, 


Pepa, p 6 
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2. ADVANCED VERICLE PROPULSION sremey a 


2. | Bagine 


Aviation, | inc., uses ‘the > propellant combination ‘luortne-emonta, It 
ah of a Fixed mount, » turbo-pump-fed, liquid propellant engine, de~ | 


. four Dinged nozzles, To mointain attitude end roll control before and 


after engine’ ‘shutdown (two seconds before; one ‘tecond efter), a Secees: 
system around the turbine will be provided. “The feasibility and basic : 


design Sttris fr ts seine have buen erie W tres aad es 
hale years of eat investigation of fluorine oxidized rocket. 
a Propellant systens: The turbine in the + turbo-pump escembly ig povered | 


piston. ‘Because of its simplicity ana because its avoids tupingenent of 


exhaust gases on missile structum or other components She Ringed mount 
Tries Za toe beter ten & cinta met | 
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| ee Speci al Desion Fdstures | ,o at 
SF The propelian: feed systen vil) be approximately as — 
_ Shon in Fig. 2-1. 1 addition to al1 the components of a standard pro. 


automatically during the filling Operation, . During the starting Sequence, | | 


this propellant 4s expeiied into the propellant lines by the action of « 
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a, Propellant flow dingr=n for. the auxiliary power ‘unit 


is also shown ia Pig. 2-2, The systen shown is based on the use of a 
. monopropellant for + APU operation. In this systen Propellant vill be 





. “fo obtain optimum use of Propellant by: ncaaia trapping or 


" propellant at ‘the end of burning, « Propellant utilization aysten. wil 


be installed. ‘he oysten will consist of level Sensing Probes, a com- 
paring circutt, and Propellant Servo-contro), valves, and is designed so 


. ‘Set Nimltinnasexhmttios ot propeliata wild sear, Through the 


use of the ‘Propellant loading control, ‘the propellants wilt de loaded 


| vat Dearly the correct mixture ratio (vithin Plus or minus 0.2 per cent). 


‘Thus, Ainttially the Propellant uti Ltzatton poms wilt sense -a zero 
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? A block diagray 7 the systen is shown in 
: ek oman vig tt - 
system as shown in Fig. 13 wu iia This systen 
1s explained in Section 2.2.8, ge ™ 
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